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Introduction:  Interstellar cosmic ray exposure ag-

es of large “Jumbo” presolar SiC grains were deter-
mined recently based on cosmogenic Li [1,2] and He 
and Ne [3]. These are presolar ages relative to the start 
of the Solar System (t0=4.568 Ga [4]) and are essential 
to better understand the lifecycle of presolar dust, from 
dust formation in stellar outflows, residence in the in-
terstellar medium, up to dust incorporation into early 
Solar System objects.  

While the SiC samples for both the above men-
tioned Li and the He, Ne studies were from the same 
acid residue – the L series from the Murchison CM2 
meteorite [5] – the Li ages were determined for a dif-
ferent set of grains than the He and Ne ages, not allow-
ing a direct comparison of results from the different 
methods. The previous studies have shown that pre-
solar He and Ne ages of 17 grains are below 300 Ma 
with only three grains having ages of ~400 Ma to 
~1 Ga before t0 [3]. Though most presolar Li ages have 
a similar range as the He and Ne ages from a few doz-
en Ma to about 1 Ga [1,2], the Li age distribution is not 
skewed towards young ages as for He and Ne. There 
are three grains with extremely high Li ages between 2 
and 4 Ga before t0 [2], difficult to reconcile with pre-
dictions from models of interstellar dust lifetimes [6,7]. 

Here, we present new He- and Ne-based interstellar 
CRE ages of “Jumbo” presolar SiC grains whose Li-
based ages have been previously determined in [2].  

Samples and Methods:  Seven large presolar 
mainstream SiC grains with mean diameters of ~5 µm 
to 14 µm were selected from the Murchison L-series 
[5]. The grains had been pressed into a gold foil on a 
mount (“L3”) and previously analyzed by SIMS for Li, 
B [2], C, N, and Si isotopes as well as for isotopes of 
several heavy elements [8-11]. Grain volumes were 
estimated based on two-dimensional SEM images 
(e.g., [3]) taken before and after SIMS analyses. Such 
large SiC grains are extremely rare (<10 ppm of the 
SiC population from Murchison [5]). The more abun-
dant smaller presolar SiC grains are not suitable for 
exposure age dating because their small sizes result in 
excessive recoil loss of He, Li, and Ne [12].  

Noble gases were extracted with an Nd-YAG IR-
laser and He and Ne isotopes were measured with an 
ultra-high-sensitivity noble gas mass spectrometer [13] 

at ETH Zurich. Analytical protocols were similar to 
those employed by [3], with ages calculated based on 
the cosmogenic 21Ne and 3He concentrations deter-
mined here and the interstellar production rates from 
[14]. In the large presolar SiC grains, the interstellar 
cosmogenic Ne component is one of three dominant 
noble gas components, with terrestrial atmosphere (air) 
and nucleosynthetic He-shell Ne (Ne-G) being the oth-
er two. Thus, a three-component deconvolution is suf-
ficient to determine the fraction of cosmogenic Ne. 

 
Fig. 1. Presolar Ne (T21), He (T3) and Li (T6) ages 

of the same presolar SiC grains. T3 and T21 (this study) 
are corrected for recoil loss and shown with 1σ error 
bars, which are dominated by counting statistics. Up-
per limits are indicated by lines connecting the ages 
downwards to the axis. T6 are from [3] and not recoil 
corrected. They have nominal analytical errors of 50%. 

 
The measured 3He amount in all grains can be con-

sidered to be purely cosmogenic in origin because the 
other components can be neglected [3]. A correction 
for cosmogenic Ne and He production in SiC during 
the ~1 Ma [15] exposure of the Murchison meteoroid 
is negligible for presolar CRE ages >> 1 Ma. Recoil 
losses for cosmogenic 3He and 21Ne were corrected as 
described in [12]. The overall uncertainties in the He 
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and Ne exposure ages (not shown in the figures and 
text) include systematic uncertainties in air corrections, 
grain volumes, recoil corrections, and in the presolar, 
interstellar cosmic-ray fluxes and spectra, resulting in a 
an overall uncertainty of possibly a factor of ~2.8 [3], 
similar to those estimated for the Li exposure ages [1]. 
Although presolar exposure ages have large uncertain-
ties, these ages are currently the best estimates of the 
lifetimes of presolar grains and represent the oldest 
ages of solid matter dated in the laboratory. 

Results and Discussion: For five of the measured 
seven grains we obtained presolar He ages (T3) and for 
two of them (L3_17 and L3_18) we also obtained pre-
solar Ne ages (T21) – see Fig. 1. For the remaining ages 
we could only determine upper limits for their concen-
trations of cosmogenic 3He and 21Ne assuming that all 
gas is cosmogenic. This results in upper limits for T21 
for five grains ranging from 5 to 558 Ma, and for T3 
for two grains ranging from 10 to 24 Ma. The two Ne 
ages of L3_17 and L3_18 agree remarkably well with 
the He ages (T21=90±16 Ma and T3=82±21 Ma; 
T21=12±2 Ma and T3=11±3 Ma, respectively), thereby 
illustrating the self-consistency of our analytical ap-
proach. Neon and He ages, or their upper limits, of 
grains L3_21 and L3_18 match (~12 Ma). Further-
more, their C and Si isotope ratios are identical within 
errors [8-11]; making it possible that the grains migrat-
ed from the same stellar source. Puzzlingly, their T6 
ages are much higher (659±330 Ma, 84±42 Ma, re-
spectively).  

Figure 1 shows that not only do T3 and T21 for 
grains L3_17 and L3_18 match within uncertainties, 
but also for the other three grains with T3 and only 
upper limits for T21 determined, an agreement between 
T3 and T21 is not ruled out. This confirms that the pro-
duction rate ratios for cosmogenic He and Ne and the 
recoil corrections are reasonable and that the determi-
nation of the cosmogenic He and Ne components is 
reliable. Furthermore, it excludes major diffusive loss 
of He and Ne, otherwise, preferential depletion of He 
relative to Ne would have been observed. The new He 
and Ne ages and the upper limits show a similar distri-
bution as previously determined ages, as seen in Fig. 2, 
with the majority of the grains having ages <300 Ma 
before t0. It was hypothesized by [3] that this pattern 
could be the result of a starburst event a few billion 
years prior to the formation of the Solar System [16]. 
Parent AGB stars formed in this starburst may have led 
to a concurrent production of SiC dust at the C-rich 
end of their lives, which could have resulted in an 
overabundance of grains with a similar age range, as 
reflected by the age peak at <300 Ma (Fig. 2). 

Although the Li age [3] of L3_17 agrees with T3 
and T21 within uncertainties, this Li age and the other 

Li ages in [3] are not corrected for recoil loss. The Li 
age of L3_18 is a factor of 7-8 higher than T3 and T21. 
The T6 of other four grains are factors of 2 to 92 higher 
than the T21 and T3 values or their upper limits. The 
grains (L3_14 and L3_05) with extreme T6 of 
2.2±1.1 Ga and 4.2±2.1 Ga, however, have T21 upper 
limits of only 349 Ma and 558 Ma, and T3 values of 
39±27 Ma and 276±237 Ma, respectively (Fig. 1). Re-
coil corrected T6 values would only make the discrep-
ancies worse. It is currently unclear why the Li ages 
are so different from to the He and Ne ages. More cor-
related He/Ne and Li ages need to be determined in 
order to investigate this discrepancy, in addition to 
updated production rate calculations and recoil correc-
tions.  

 
Fig. 2. Distribution of all known Ne (T21), He (T3), 

and Li (T6) presolar ages of presolar SiC grains. The 
grains with T6 > 1 Ga are not shown here. T21 and T3 
from this study (dark red and blue solid) and [3]; T6 
from [1,2]. 
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